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Prognostic Impact of Anatomic Resection
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Objectives: To evaluate the prognostic impact of anatomic versus
nonanatomic resection on the patients’ survival after resection of a
single hepatocellular carcinoma (HCC).
Summary of Background Data: Anatomic resection is a reason-
able treatment option for HCC; however, its clinical significance
remains to be confirmed.
Methods: Curative hepatic resection was performed for a single
HCC in 210 patients; the patients were classified into the anatomic
resection (n � 156) and nonanatomic resection (n � 54) groups. In
84 patients assigned to the anatomic resection group, segmentec-
tomy or subsegmentectomy was performed. We evaluated the out-
come of anatomic resection, including segmentectomy and subseg-
mentectomy, in comparison with that of nonanatomic resection, by
the multivariate analysis taking into consideration 14 other clinical
factors.
Results: Both the 5-year overall survival and disease-free survival
rates in the anatomic resection group were significantly better than
those in the nonanatomic resection group (66% versus 35%, P �
0.01, and 34% versus 16%, P � 0.006, respectively). In the seg-
mentectomy and subsegmentectomy group, the 5-year overall and
disease-free survival rates were 67% and 28%, respectively, both of
which were also higher than the corresponding rates in the nonana-
tomic resection group (P � 0.007 and P � 0.001, respectively). The
results of multivariate analysis revealed that anatomic resection was
a significantly favorable factor for overall and disease-free survivals:

the hazard ratios were 0.57 (95% confidence interval, 0.32–0.99,
P � 0.04), and 0.65 (0.43–0.96, P � 0.03).
Conclusion: Anatomic resection for a single HCC yields more
favorable results rather than nonanatomic resection.

(Ann Surg 2005;242: 252–259)

Hepatocellular carcinoma (HCC) is one of the most com-
mon cancers worldwide. Hepatic resection is now estab-

lished as the first-line therapeutic option for HCC.1,2 How-
ever, a high incidence of postoperative recurrence with a
3-year recurrence rate of up to 60%3–5 remains a serious
problem.

One of the major forms of recurrence of HCC is
intrahepatic metastasis via vascular invasion. HCC has a high
propensity to invade the portal and hepatic veins.6 Indeed,
vascular invasion and intrahepatic metastasis are among the
risk factors that most strongly influence the postoperative
prognosis.7–12 Therefore, eradication of intrahepatic metasta-
sis is the most crucial consideration for improving the surgi-
cal outcome in HCC.

Anatomic resection, which was originally introduced as
segmentectomy and subsegmentectomy by Makuuchi et al,13

is systematic removal of a hepatic segment confined by
tumor-bearing portal tributaries. Because of the high likeli-
hood of the cancer cells from HCC spreading through the
portal venous system, anatomic resection is theoretically
effective for eradication of the intrahepatic metastases of
HCC.13,14 The potential superiority of anatomic resection for
HCC has been indicated.5,14–20 However, the supporting
evidence is insufficient.

For the last 8 years, we have consecutively performed
anatomic resection as first-line treatment of HCC. The pur-
pose of this study was to evaluate the outcome of anatomic
resection for a single HCC in terms of the long-term results.
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PATIENTS AND METHODS

Study Population
Between 1994 and 2001, 315 patients underwent initial

and curative hepatic resection for HCC. Among the 315
patients, 105 were excluded from this analysis for the fol-
lowing reasons: multiple tumors (86 patients), secondary
malignancy diagnosed within 5 years prior to the hepatic
resection (13 patients), and spontaneous rupture of the HCC
(6 patients). To clearly evaluate the effects of anatomic
resection on the eradication of intrahepatic metastasis, we
also excluded cases with multiple HCC, not only those with
intrahepatic metastases but also those with multicentric tu-
mors. The remaining 210 patients were divided into two
groups: the anatomic (n � 156) and nonanatomic (n � 54)
resection groups. Anatomic resection includes segmentec-
tomy and subsegmentectomy (Makuuchi’s procedure, n �
84),13 sectoriectomy, hemihepatectomy, and trisectoriec-
tomy, based on Couinaud’s classification.21 The operative
procedures conducted in the anatomic resection group are
shown in Table 1. Nonanatomic resection consisted of limited
resection22 and enucleation.

Surgical Techniques
Indications for hepatic resection and the types of oper-

ative procedures were determined based on our criteria
(Makuuchi’s criteria), ie, the presence or absence of ascites,
the serum total bilirubin level, and the indocyanine green
retention rate at 15 minutes (ICG R15).23 Operation alloca-
tion depended on Makuuchi’s criteria, not on time period. We
divided the liver along the demarcation line appearing after
occlusion of the portal vein and hepatic artery in hemihepa-
tectomy and sectoriectomy, or after injection of dye into the
portal vein confining the tumor-bearing area under intraop-
erative ultrasound guidance in the case of anatomic segmen-
tectomy and subsegmentectomy (Fig. 1A).13 In nonanatomic
resection, we divided the liver along a line so as to secure a

TABLE 1. Operative Procedures of Anatomic Resection

Operative Procedure Subtotal No.

Hemi-hepatectomy or more 24
Right liver (S5 � S6 � S7 � S8) 10
Extended right 3
Left liver (S2 � S3 � S4) 7
Extended left 4

Sectoriectomy 25
Right lateral sector (S6 � S7) 8
Right paramedian sector (S5 � S8) 13
Left lateral sector (S2) 3
Left paramedian sector (S3 � S4) 1

Segmentectomy and subsegmentectomy 84
S8 34
S7 12
S6 13
S5 11
S4 9
S3 5

Combined resection of segments 23
Left lobe (S2 � S3) 11
Central bi-segmentectomy (S4 � S5 � S8) 1
S5 � S6 2
S7 � S8 3
S4 � S8 6

Total 156

S, segment, defined by the Couinaud’s nomenclature.

FIGURE 1. The views before (A) and after (B) anatomic resec-
tion of segment 8. A, The surface of segment 8 is marked,
according to the stained area after blue dye injection (arrow-
heads). B, The landmark veins were exposed longitudinally in
the cutting surface: the inferior vena cava (*), the right hepatic
vein (RHV), and the middle hepatic vein (MHV, arrowheads).
The stumps of the ventral (arrow) and dorsal (arrowhead)
branches of Glisson’s triad in segment 8 are seen.
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surgical margin of at least 5 mm, if possible. When it was
impossible, liver parenchymal transection was performed not
to expose the tumor surface. We divided the liver paren-
chyma by the clamp-crushing method or an ultrasonic dis-
sector.24 In anatomic resection, we took into account the
following key points: accurate decision of the resection area,
accurate approach to the portal triad to be resected with the
help of ultrasonography, and full exposure of the landmark
vessels on the cutting surface, such as the right and middle
hepatic veins, in the cases of anatomic resection of the whole
segment 8 (Fig. 1B).

The size of the tumors and length of the surgical margin
were measured before fixation of the specimens. The back-
ground liver status, level of tumor cell differentiation, and
cancer spread were assessed by microscopic examination of
the specimens. Cancer spread was defined by the presence of
microscopic vascular invasion and/or intrahepatic metastasis,
as had been done in our previous report.12

Follow-up
After discharge, all the patients were examined for

recurrence by ultrasonography every 2 months and by dy-
namic computed tomography every 4 months, as previously
described.12 The median follow-up period after the surgery
was 3.3 years (range, 0.2–7.9 years). When recurrence was
suspected, we performed hepatic angiography with injection
of iodized oil (Lipiodol; Guerbet Laboratories, Aulnay Sous
Bois, France) followed by Lipiodol computed tomography.
Recurrence was defined as the appearance of a new lesion
with radiologic features typical of HCC, as confirmed by two
or more imaging modalities. In this study, disease-free sur-
vival was defined as an interval between the operation and the
date of the diagnosis of the first recurrence or the last
follow-up.

Statistical Analysis
The survival curves of the anatomic and nonanatomic

resection groups were generated by the Kaplan-Meier method
and compared by the log-rank test. To investigate the prog-
nostic significance of the operative procedure (anatomic ver-
sus nonanatomic resection), we performed the multivariate
regression analysis with the Cox proportional hazard model,
using a variable-selection method by the backward-elimina-
tion procedure. P � 0.15 was set as the cutoff for the
elimination.

In the multivariate analysis, we chose 14 factors as
potential confounders, considering their clinical significance
and the results of previous reports.4,5,7–11,19,25 Because any
factors that are of potential importance can be incorporated
into the multivariate analysis whether or not they are statis-
tically significant,26 we entered some nonsignificant factors in
the univariate analysis into the model of the multivariate
analysis in the present study. The 14 factors were as follows:

age (older versus younger than 65 years), sex, preoperative
serum total bilirubin level (more versus less than 1 mg/dL),
ICG R15 (more versus less than 20%), Child-Pugh class (A
versus B), background liver status (cirrhosis versus noncir-
rhosis) as assessed histologically, tumor size (larger versus
smaller than 30 mm), cancer spread (present or absent), tumor
cell differentiation (well versus moderate or poor), serum
�-fetoprotein level (more versus less than 100 ng/mL),
plasma des-�-carboxy prothrombin (positive versus nega-
tive), history of red blood cell transfusion (yes versus no),
surgical margin (greater versus smaller than 5 mm), and
tumor exposure (yes versus no).

The Mann-Whitney U test and the �2 test were used for
the continuous and the categorical data, respectively. Calcu-
lations were performed with the help of the Stat View 5.0
computer software (SAS Institute Inc., Cary, NC).

RESULTS
The background characteristics in the anatomic and

nonanatomic resection groups are shown in Table 2. The
values of ICG R15 and total bilirubin in the anatomic resec-
tion group were significantly lower than those in the nonana-
tomic resection. All patients enrolling into this study had no
ascites before surgery. The nonanatomic resection group
included more patients with cirrhosis than the anatomic
resection group.

In all the 210 cases, all of the recognizable tumors were
resected without iatrogenic rupture of the tumors. As for the
cancer-related factors, there were no significant differences
between the 2 groups (Table 3). Table 4 shows the surgical
results in the two groups. Intraoperative blood loss and
incidence of red cell transfusion were similar between the two
groups. The length of the surgical margin in the nonanatomic
resection group was smaller than that in the anatomic resec-
tion group (2 mm; range, 0–11 mm; versus 4 mm, range,
0–55 mm; P � 0.0002).

No hospital deaths occurred. The overall and disease-
free survival curves of the anatomic and nonanatomic resec-
tion groups are illustrated in Figures 2A and B, respectively.
The postoperative results were significantly better in the
anatomic resection group than in the nonanatomic resection
group, in term of both the overall and the disease-free
survival rates (P � 0.01 and 0.006, respectively). The overall
1-, 3-, and 5- year survival rates were 95%, 84%, and 66% in
the anatomic resection group, and 93%, 66%, and 35% in the
nonanatomic resection group, respectively; on the other
hand, the 1-, 3-, and 5- year disease-free survival rates were
76%, 50%, and 34% in the anatomic resection group, and
69%, 20%, and 16% in the nonanatomic resection group,
respectively.

The segmentectomy and subsegmentectomy group
(n � 84) also had significantly better overall and disease-free
survivals than the nonanatomic resection group (P � 0.007
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and P � 0.001, respectively, Fig. 3). In the segmentectomy
and subsegmentectomy group, the overall 1-, 3-, and 5- year
survival rates were 97, 87%, and 67%, respectively, while the
1-, 3-, and 5- year disease-free survival rates were 82%, 55%,
and 28%, respectively.

Multivariate analysis identified three factors (absence
of cancer spread, Child-Pugh class A, and anatomic resec-
tion) as significantly influencing the overall survival rate, and
five factors (absence of cancer spread, red blood cell trans-
fusion, negative tumor exposure, total bilirubin � 1 mg/dL,

TABLE 2. Background Characteristics

Variable Anatomic (n � 156) Nonanatomic (n � 54) P

Age (yr)* 64 (13–83) 65 (16–79) 0.42
Sex

Man 119 (76%) 42 (78%) 0.97
Woman 37 (24%) 12 (22%)

Albumin (g/dL)* 3.6 (2.7–4.6) 3.5 (2.7–4.6) 0.13
Alanine aminotranferase (IU/L)* 44 (6–291) 42 (10–120) 0.73
Indocyanine green retention rate at 15 min (%)* 12 (2–37) 21 (5–63) �0.0001
Total bilirubin (mg/dL)* 0.7 (0.3–3.3) 0.8 (0.3–1.5) 0.007
Prothrombin time (%)* 79 (54–100) 78 (53–100) 0.14
Child-Pugh class

A 134 (86%) 40 (74%) 0.07
B 22 (14%) 14 (26%)

Hepatitis B virus infection
Yes 39 (25%) 10 (19%) 0.43
No 117 (75%) 44 (81%)

Hepatitis C virus infection
Yes 97 (62%) 41 (75%) 0.1
No 59 (38%) 13 (24%)

Background liver
Noncirrhosis 106 (68%) 23 (43%) 0.002
Cirrhosis 50 (32%) 31 (57%)

*Median with range.

TABLE 3. Tumor-Related Factors

Variable Anatomic (n � 156) Nonanatomic (n � 54) P

Tumor size (mm)* 35 (12–205) 30 (12–170) 0.61
Cancer spread†

Positive 51 (33%) 16 (30%) 0.81
Negative 105 (67%) 38 (70%)

Tumor cell differentiation
Well 12 (8%) 7 (13%) 0.37
Moderate or poor 144 (92%) 47 (87%)

�-Fetoprotein (ng/mL)* 23 (1–436,000) 25 (1–49,388) 0.85
Des-�-carboxy prothrombin‡

Positive 76 (50%) 26 (48%) 0.78
Negative 76 (50%) 28 (52%)

*Median with range.
†Cancer spread was defined by presence of microscopic vascular invasion and/or intrahepatic metastasis.
‡Des-�-carboxy prothrombin was not measured in 4 patients.
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TABLE 4. Surgical Outcomes

Variable Anatomic (n � 156) Nonanatomic (n � 54) P

Blood loss (mL)* 574 (21–4830) 560 (15–2699) 0.79
Red blood cell transfusion

Yes 7 (4%) 2 (4%) 0.99
No 149 (96%) 52 (96%)

Surgical margin (mm)
�5 mm 78 (50%) 39 (72%) 0.008
�5 mm 78 (50%) 15 (28%)

Tumor exposure
Yes 6 (4%) 5 (9%) 0.12
No 150 (96%) 49 (91%)

*Median with range.

FIGURE 2. Overall (A) and disease-free (B) survival curves after
anatomic and nonanatomic resections for a single hepatocel-
lular carcinoma.

FIGURE 3. Overall (A) and disease-free (B) survival curves after
segmentectomy and subsegmentectomy, and after nonana-
tomic resection, for a single hepatocellular carcinoma.
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and anatomic resection) as significantly influencing the dis-
ease-free survival rate (Table 5). Anatomic resection was
confirmed to be an independent favorable factor for overall
and disease-free survival: the hazard ratios with 95% confi-
dence intervals and the P values were 0.57, 0.32–0.99, P �
0.04, and 0.65, 0.43–0.96, P � 0.03, respectively. Absence of
cancer spread was also a significantly favorable factor for
overall and disease-free survival (0.43, 0.25–0.74, P �
0.002; and 0.53, 0.36–0.78, P � 0.001, respectively).

DISCUSSION
This retrospective study shows that anatomic resection

contributes to better overall and disease-free survival after
initial surgery in cases with a single HCC. It is suggested that
anatomic resection would be superior to nonanatomic resec-
tion as an operative procedure for HCC.

In treatment of HCC, eradication of intrahepatic metas-
tasis occurring via vascular invasion is one of the most
important considerations, as suggested by the previous re-
ports.7–12 The results of the multivariate analysis in this
study, which showed that the presence of cancer spread
(vascular invasion and/or intrahepatic metastasis) was an
independently unfavorable factor in relation to the postsurgi-
cal outcome, also supports this suggestion. However, the
most suitable operative procedure for efficient eradication of
intrahepatic metastasis has not yet been established. To max-
imally preserve noncancerous, functional liver parenchyma,
some investigators have recommended the use of nonana-
tomic, or limited, resection.22 However, the nonanatomic
approach would be disadvantageous when considered from
the standpoint of eradication of intrahepatic metastasis. The

results of ablation therapy for HCC, excluding cases with
cancer seeding and/or tumors located in the dead angle in
extracorporeal ultrasound examination, may be the same as
the results of a nonanatomic approach for this cancer.

On the other hand, to remove minute cancerous foci
with a main HCC, wide hepatic resection, such as right or left
hemihepatectomy, has been recommended.27 However, the
policy of wide resection would restrict not only the indica-
tions of surgical therapy for HCC, but also the chance of a
repeat resection, which would be the most effective for a
recurrence.28

Anatomic resection, taking into consideration both
preservation, to the maximal extent possible, of liver func-
tional parenchyma and eradication of intrahepatic metastasis,
would be a theoretically reasonable procedure. To our knowl-
edge, only four papers have reported the effectiveness of
anatomic resection in terms of the long-term results: 3 based
on univariate analyses18–20 and one in terms of the disease-
free survival.5 The multivariate analyses in the present study
showed that three factors (absence of cancer spread, Child-
Pugh class A, and anatomic resection) significantly influ-
enced the overall survival, and five factors (absence of cancer
spread, red blood cell transfusion, negative tumor exposure,
total bilirubin � 1 mg/dL, and anatomic resection) signifi-
cantly influenced the disease-free survival rate. Among them,
only two of the factors, namely, anatomic resection and
absence of cancer spread, significantly influenced both the
disease-free survival and the overall survival according to the
results of the multivariate analyses. These results strongly
support the clinical efficacy of anatomic resection for HCC.

TABLE 5. Multivariate Analysis

Variable Hazard Ratio 95% Confidence Interval P

Overall survival
Absence of cancer spread* 0.43 0.25–0.74 0.002
Child-Pugh class A 0.48 0.28–0.82 0.007
Anatomic resection 0.57 0.32–0.99 0.04
Tumor size � 30 mm 0.57 0.31–1.03 0.06
Total bilirubin � 1 mg/dL 0.54 0.27–1.05 0.07
�-Fetoprotein � 100 ng/mL 0.61 0.36–1.03 0.07
Red blood cell transfusion 0.51 0.21–1.24 0.14

Disease-free survival
Absence of cancer spread* 0.53 0.36–0.78 0.001
Red blood cell transfusion 0.32 0.15–0.67 0.003
Negative tumor exposure 0.39 0.19–0.78 0.008
Total bilirubin � 1 mg/dL 0.58 0.37–0.90 0.02
Anatomic resection 0.65 0.43–0.96 0.03
Negative des-�-carboxy prothrombin 0.68 0.42–1.01 0.05

*Cancer spread was defined by presence of microscopic vascular invasion and/or intrahepatic metastasis.
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There may be skepticism that the different background
characteristics between the two groups (Table 1), especially
in terms of liver function, might bias the results of this study.
To minimize and adjust for the effects of the differences, we
adopted the Cox proportional hazard model with 14 other
potential confounders. The hazard ratios of anatomic resec-
tion for both overall and disease-free survival in the multi-
variate analyses are small enough to support its clinical
importance (0.57; 95% confidence interval, 0.32–0.99; and
0.65; 95% confidence interval, 0.43–0.96, respectively). Be-
cause interpretation of our surgical outcomes is probably
affected by potential sources of selection bias due to Makuu-
chi’s criteria, it is difficult to defend the main conclusion of
this study without randomization.

If confounders in a multivariate analysis are limited
only to the significant factors in univariate analysis, some
factors, which are accidentally nonsignificant despite their
potential importance, may be excluded. Therefore, according
to the Bradburn et al recommendation,26 we chose 14 factors
as confounders, after weighing their clinical importance,
whether or not they were significant in the univariate analy-
sis. Indeed, this method was also adopted in a previous
study.29 The present study indicated that anatomic resection
would be suitable option of choice for HCC.

Liver transplantation is the most reasonable surgical
approach for HCC associated with the injured liver. The
long-term results of liver transplantation are satisfactory in
patients with HCC who satisfy the Milan’s criteria.30 How-
ever, the application of liver transplantation for malignant
diseases is limited, owing to severe graft shortage.31 There
has been a report suggesting that HCC developing in a
well-compensated cirrhotic liver might be treated with he-
patic resection.32

The segmentectomy and subsegmentectomy group also
showed better long-term results than the nonanatomic resec-
tion group, although this was not statistically confirmed by
the results of the multivariate analyses, perhaps due to the
small number of patients in the study. The results, indeed,
suggest that segmentectomy and subsegmentectomy would
be as effective for HCC as hemihepatectomy or sectoriec-
tomy. However, further investigation is needed to evaluate
the validity of this suggestion.

CONCLUSION
Compared with nonanatomic resection, anatomic resec-

tion is effective to improve the rates of overall and disease-
free survival after initial and curative resection in cases of a
single HCC.
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